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T H E R M 0  E L E C T R O N  
f W C I N E E R I N G  C O R P O R A T I O N  

INTRODUCTION 

This document constitutes the Second Quarter ly  Report of the work 

being performed under Thermo Electron's Contract No. 951L63 with the 

J e t  Propulsion Laboratory. 

The objectives of this program a r e  twofold, and a r e  to b e  reached 

under two task  efforts; they a re :  

I. 

11. 

To develop a converter of the design used under Task  I1 of 

Contract No. 950671, which i s  capable of delivering a power 

output of 2 0  wat ts /cm 

efficiency of l6y0. 

To develop a prototype s t ruc ture  of a 1470 efficient multi- 

converter  generator  capable of operation in c is lunar  space 

with a concentrator 9. 5 f t .  in  diameter  and which uses  the 

converters  developed under Task I. 

2 at one volt, with a minimum measured 

Task  I centers  on the i terative construction of 9 engineering models 

of a solar  energy thermionic converter.  The a i m  of the first model is to 

partially duplicate the best  converter developed under Task  I1 of Contract 

NO. 950671. The second and third a r e  principally geared to the incorpo- 

ra t ion of a modification in the heat t ransfer  path of the collector-radiator 

s t ruc ture  to a s s u r e  efficient and reliable heat t ransfer .  

f i f th  a r e  intended to effect a change in  the mater ia l s  of the convoluted 

emi t t e r  s t ruc ture  whereby the entire s t ructure  will be  made of rhenium. 

The sixth and seventh converters  will study two new cqllector mater ia l s  

and the  eighth will b e  a final prototype incorporating a l l  the features  found 

to improve performance in the course of the work. 

The fourth and 

The ninth prototype will 



duplicate the eighth except that the interelectrode spacing will b e  increased 

to 2 mi l s  in o rde r  to make a performance comparison. 

this step wil l  be  accomplished before the fabrication of the ninth prototype. 

It i s  possible that ' -  

Task 11 involves a generator f l u x  analysis,  a shielding evaluation, and 

a mock-up environmental tes t  based on the design of a selected generator 

design. 

the converter heat requirements to the available solar energy, the optimum 

cavity aper ture  s ize ,  the required adjustments of surface emissivity and 

absorptivity values to insure even flux distribution, and the effects of changes 

in  emitter temperature  and heat input on flux distribution within the generator. 

The shielding tes t  is primarily intended to verify design assumptions on 

shielding heat losses ,  and to select a prefer red  shield configuration. 

mock-up environmental t es t s  will be conducted to explore all a r e a s  of possible 

s t ructural  weakness to vibration, shock, acceleration and acoustical environ- 

ments ,  and effect the design changes indicated. 

The analysis will determine the best  number of converters  to match 

The 

This report  covers  progress  f o r  the period March 1, 1966, to June 1, 

1966. 

2 



T H E R M 0  E L E C T R O N  
E M G I N E E R I N G  C O R P O R A T I O M  

SUMMARY 

During the second qua r t e r s  the second engineering model, T-202, 

h a s  been tested,  and two unsuccessful attempts a t  the fabrication of the 

third,  T-203, have been made. Test  resul ts  on T-202 have indicated that 

the interelectrode spacing of converter T-202 i s  l e s s  uniform than that of 

converter  T-201 and has  a l a rge r  average value. Consequently, the pe r -  

formance of converter T-202 has  been lower in the unignited mode, and 

higher i n  the ignited mode than the performance of converter T-201. 

a t tempts  to fabricate T-203 failed because a m o r e  stringent revised out- 

gassing procedure was applied in which the collector temperature  during 

outgassing was brought up to 800°C rather  than 700°C. The higher temper-  

a t u r e  appears  to have caused the failure of the same b raze  in both instances. 

A new attempt is now in progress  to fabricate T-203, efforts wi l l  be  made 

to control the quality of the cr i t ical  b raze  m o r e  carefully,  and the collector 

tempera ture  during outgassing will be kept a t  700" C. 

The 

The work on Task I1 has been pursued a s  far a s  the statement of work 

al lows,  and a l l  the work done has  been presented in the First Quarter ly  

Report .  

of a converter  model with a sufficiently high level of performance to permi t  

calculation of generator electrical  performance,  and to conduct meaningful 

converter  shielding experiments 

Continuance of work on this task is contingent on the availability 

3 



T H I ; R M O  E L E C T R O N  
c a i i n i i a i ~ i  ~ O R P D R A ~ ~ D W  

1. 1 Performance of Converter T-202 
~ -~ 

Converter T -2 02 has  been tested according to JPL Engineering Note 

ADEN 342-005. This procedure consists of first making a relative collector 

work function measurement and sampling two I-V t r aces ,  then running under 

steady-state a t  a substantial output cur ren t  f o r  approximately 150 hours ,  

making a new collector work function measurement ,  proceeding to evaluate 

the other  converter character is t ics  by I-V curve and cesium conduction 

measurements ,  and finally testing the converter under steady state conditions. 

F igu re  1 gives the I-V character is t ics  obtained f rom converter T-202. 

The dashed l ines represent  the envelopes of dynamic measurements  made a t  

t rue  emit ter  temperatures  a s  indicated with optimized collector temperatures ,  

and the solid lines give the steady-state outputs obtained a t  the t rue  hohlraum 

temperatures  indicated, with the collector allowed to reach its own equilibrium 

temperature ,  unaided by the electrical  heater  provided for  collector temper- 

a tu re  optimization. 

corresponding to ignited operation is  not uniform; i t  is narrower between 

1900 and 2000°K than it is between 1800 and 1900°K. 

been initially assumed that optimum collector temperatures  would be  obtained 

at 1 .  75 times the reservoi r  temperature  and the 2000°K curves were run 

making this assumption. 

a nea re r  to optimum condition and this ratio was adopted fo r  the 1900°K and 

1800°K runs,  and will continue to b e  used in  a l l  fur ther  converter testing. 

A s  may be seen, the spacing between the branches 

This i s  because it had 

Fur ther  testing showed that a ratio of 1. 60 gives 

Of particular interest  in Figure 1 i s  the point obtained in steady state, 

with no collector heat applied, a t  1800°C and 0. 8 volt output. The collector 

tempera ture  achieved there  is 1073" K at an output cur ren t  of 52. 3 amperes .  

Th i s  compares  favorably with the desired goal of 1015" K at 50. 0 amperes ,  

4 



17OO0C, and it appears  that, fo r  the moment, no fur ther  attempts at adjusting 

radiator size should be made. 

F igure  2 compares  the T-202 performance with that of converter T-201, 

and also gives T-103 resul ts  previously obtained. The figure reveals that, 

in the ignited mode, the performance of T-201 and T-202 i s  s imilar  except 

that in  steady-state, T-201 was not able to reach a sufficiently high collector 

temperature  to  attain the performance level predicted by the dynamic curve. 

Ixi the unignited mode, the performance of T-201 is  superior to that of T-202, 

and this result  would indicate that the interelectrode spacing of T-202 i s  

l a rge r  than that of T-201. 

to have a collector face convex by , 0004" in addition to  a convex emitter. 

This departure f rom f la tness  in the face of the collector of T-202 i s  the 

resul t  of a 15-minute chemical etch on the face. 

ground collector which was therefore flat within . 0001". 

This would not be surprising for  T-202 w a s  noticed 

Converter T-201 had a 

Figure 3 gives the cesium conduction data obtained with T-201 and 

T-202, and tends to verify that T-202 must have had a la rger  average inter-  

electrode spac ing . 

A s  a result  of these findings, it w a s  recommended to JPL that the 

etching t ime for  the collector of converter T-203 be reduced to 5 minutes, 

and that the T-202 collector radiator geometry be preserved. 

it was recommended to reduce the side-emission a r e a  to 1 c m  from the 

2 c m  

1. 3 c m  

creased  in T-201 and T-202 to 2 c m  

la te ra l  a r e a  of the collector. 

of converters  T-202 and T-103 in the extinguished mode, it is  felt that some 

effort at exploring the influence of l a te ra l  collector a r e a  should be  made. 

Fur thermore ,  
2 

2 used previously for  T-201 and T-202. 
2 2 in T-103 and 0 . 5  c m  

This a r e a  had had a value of 

i n  a l l  other T-100 converters.  It was in- 
2 to enhance output contribution to the 

Since there  i s  a la rge  discrepancy in the output 

5 



T H E R M 0  E L E C T R O N  
c X C I E E E E : N C  C 0 1 P O R I ? ! O I  

Fur ther  interesting remarks on the tes t  resul ts  of converter T-202 

can be made from the data sheets. 

and 2 with Nos. 24 and 25 reveals some shift i n  the relative collector work 

function data. 

corresponding to a cesium pressure  of 20 mm Hg, and therefore a pd of 

20 mi l - tor rs  at a spacing of 1 mil. 

the voltage drop in the interelectrode plasma required for  ignition is  co r re -  

lated by the value of pd, and that it i s  near ly  constant for  pd values in the 

range f rom 2 0  to 30 mil- torrs .  

0. 49 volts, and the data scatter f o r  84 per  cent of 312 points is &lo% (Figure 

49, Task I1 Final Report ,  JPL Contract No. 950671). In the absence of 

back-emission f rom the collector, the electrode output voltage of the con- 

ve r t e r  in  the ignited mode should therefore be: 

A comparison of the I-V t r aces  Nos. 1 

The I-V t races  a re  taken a t  a reservoi r  temperature  of 680"K, 

It is known that, in the ignited region, 

The value of the voltage drop i s  then about 

with some variation expected a s  a function of output cur ren t  because of 

plasma resistivity. A t  an emitter temperature  of 2000"K, and a reservoi r  

temperature  of 680"K, the value of T is  2. 94, and the Rasor plot for  

Te  shows that the corresponding emitter work function wi l l  be  2 .44  ev. as  

shown in F igure  4. Thus, the electrode output voltage in the ignited mode 

with negligible back emission from the collector should be 

/T  E R  

Since for  the T-200 converter,  the emit ter  lead resistivity equals that of 

the T-100 se r i e s  which i s  . 0014 ohms (not including the resistance of the 

stud on which the emitter lead i s  attached), the observed output voltage 

should be  correlated by 

6 



A t  4 0  amperes ,  this expression reduces to 

Q’c = 1 e 8 9  - v40 

Shifting our  attention a t  the I-V t r ace  No. 2 of converter T-202, we 

find an observed voltage a t  40 amperes  of 0 . 7 0  voltss implying a collector 
t work function of 1. 19 ev. This value i s  of course unrealistic, it would 

normally approach 1.5 ev, and it i s  because of this inconsistency that this 

measure  of collector work function is considered to be relative. 

words, the value of a t r ace  such a s  I-V No. 2 l i e s  in its ability to reveal 

In other 

shifts in position rather than accurate values of work function. 

I-V t r aces  Nos. 2 4  and 25 show values of V 

amount to a shift of approximately 0. 04 ev in work function. 

shift could be  due to a change in emitter work function, although experience 

indicates that emitter work functions tend to be more stable than collector 

work functions except in those instances where the emitter bond fails. 

F o r  instance, 

of 0 .63 and 0 . 6 9  volts which 

Such a small  
40 

The T-202 collector work function I-V t races  compare well with those 

obtained for  T-201. 

and 0. 71 volts for  the same conditions. 

In that converter the final values of V had been 0. 70 40 

To evaluate the design of the cesium reservoi r  of converter T-202, 

a n  additional tes t  w a s  performed, and the data a r e  presented in  sheet 7 of 

the data which a r e  a lso plotted in  Figure 5. 

reservoi r  temperatures  achieved as  a function of reservoi r  heater cur ren t ,  

f o r  a collector temperature of 854°K. 

a tendency to overheat (when not connected to a water-cooled s t rap)  even at 

These data show the equilibrium 

As it may be seen, the reservoi r  has  

t To check the requirement of small collector back emissions we note that, 
at the emitter temperature  of 961°K corresponding to I-V t race  No. 2 ,  the 
back emission for a collector work function of 1.5 ev would be 3.8 amperes ,  
compared with a forward emission of 40 amperes .  

7 



the relatively low collector temperature of 854" K. A desirable equilibrium 

reservoi r  temperature would be  approximately 623" K for  optimum output at 

50 amperes .  Fur ther  effort on improving the cesium reservoi r  design will 

be  made in subsequent T-200 models. 

1 .2  Fabrication of Converters T-203 and T-203A 

The fabrication of both converters,  T-203 and T-203A, could not be 

completed successfully. 

same procedures described in the First Quarterly Report, except for  a 

change in  the outgassing specifications. 

were outgassed with a collector temperature generally in the vicinity of 

700" C. Although the performance character is t ics  had not revealed a need 

f o r  a higher collector outgassing temperature ,  it was felt that it should be 

increased to 8OO0C because during testing the collector temperature  will 

often reach that level. 

maintaining the collector temperature at 800°C for  a period of 64 hours for  

T-203, and 24 hours for  T-203A. A t  the end of outgassing,converter T-203 

showed immediate signs of having developed a leak; when air was released 

in the external vacuum system, the exhaust vac;ion pumping system con- 

nected to the vacuum envelope of the converter showed a rapid r i s e  in 

p re s su re .  

e i ther  at the palladium b raze  between the niobium seal flange and the collector 

s tem,  o r  at the ceramic seal. Since no such failure had been encountered 

before,  it was assumed that its nature may have been accidental, but the 

experience with converter T-203A was to show la te r  that the fai lure  is con- 

sistent with the r i s e  in collector outgassing temperature,  and that it occurs  

at the palladium braze.  

These converters were fabricated following the 

P r i o r  to T-203, the converters  

Consequently, both T-203 and T-203A were outgassed 

Subsequent leak checking indicated that the failure had occurred 

a 



Converter T-203A did not show the signs of difficulty at the end of 

outgassing as  did T-203. 

mented for  test .  

the reservoi r ,  connect a new tubulation and leak check it. 

It was therefore charged with cesium and instru-  

In tes t  it developed no output, and it was decided to open 

Again the leak 

was found in the general  a r e a  of the seal, but this t ime  it was felt important 

to pinpoint its location. 

seal  a r e a  could be  exposed without damaging it. 

to facilitate connection to the leak detector,  and the leak was found to be at 

the palladium braze.  

visual and mechanical inspection of the braze.  

that at some places the bond to the molybdenum had occurred over a r e a s  

only 0. 020" wide which were  easily broken by the application of relatively 

low forces .  

molybdenum mater ia l  adjacent to the braze.  

The converter was therefore  sectioned so that the 

A new tubulation w a s  brazed 

The emitter s t ructure  w a s  then cut out to allow direct  

This examination revealed 

The f rac ture  observed was along intergranular surfaces in the 

The emit ter  of converter T-203A was obtained f rom a new p res su re  

bonded assembly etched for 1 minute and thermally stabilized for  1 hour a t  

2100°C. The etching t ime was reduced to p re se rve  flatness,  and the firing 

time corresponded to the optimum procedure found in the t reatment  of the 

previous three  emi t te rs  for converters T-201, 202 and 203. After f i r ing,  

the flatness check showed that the emit ter  was convex at the center by . 0003" 

which is  the minimum value that i thasbeenposs ib le  to achieve. This  emitter 

has  now been salvaged for  the fabrication of converter T-203B. Converter 

T-203B is being fabricated using a collector subassembly with a palladium 

b r a z e  which had good flow, and therefore does not appear to have any narrow 

a r e a s  of bonding. 
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Figure 1. T-202 I-V Characterist ics 
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Figure  2. Comparison of T-201 and T-202 I-V Character is t ics  
at 1700'C and 2000°K ( - - - - - -  1. 
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Figure 5. Thermal  Characterist ics of T-202 Reservoir 
(TC = 8 5 4 ° K )  
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E N G I N E E R I N G  C O R P O R A T I O N  
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E N  G I N  E E R I N  G C O R  P O R A T I O N  

Converter NO. 7-2-02 D 
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15.26 To Corrected, O C  
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I I I I 
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I-V Trace No. L 
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VARIABLE 
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